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Forests

• Forests and sustainable development

• 1.6 billion depend on forests for their livelihoods

• Habitats to two-thirds of all species on earth

• Deforestation, fires and…

… pinewood nematode

Outline

1. Identification of resistant genotypes

2. Identification of resistance locus (QTLs)

3. Plant imunization: study of a non virulent
isolate

4. Identification of resistance genes

5. Genetic transformation of P. pinaster

Identification of resistant genotypes
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Identification of resistance locus
(QTLs)

Genotypical characterization of selected trees
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Genotypical characterization of clones belonging
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Genetic profiles from embryo and megagametophyte



Plant immunization: study of a 
non virulent isolate

A - Barley seeds with Botrytis cinerea; 
B - Nematodes on barley seeds with B. cinerea.

Inoculation of P. pinaster.
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Symptom development in P. pinaster
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Bacterial colonies in the chips inoculated with 
virulent nematode isolate 8A (A and B), with 
virulent nematode isolate 20 (C and D), and 
bacterial colonies along the trails of avirulent
nematode isolate C14-5 (E), 3hai.

Figure (A-E): Bacterial colonies along the trails of virulent 
nematode isolate 8A (A-C) and HF (D and E), 14dai.
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Experimental time points (3hai, 7dai and 14dai)

Number of inoculated chips with bacterial colonies

Flagella stain for bacterial colonies 5 (A) and 24 (B).

Positive (A) and a negative (B) result for starch hydrolysis test

Bacterial classification-classical methods

Example of bacterial colonies isolated from inoculated twigs and grown on 
NA medium showing different morphologies. 
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Bacterial classification-classical methods



Figure: Agarose gel stained with SYBR® Safe DNA gel stain showing the amplification of 
the 1500 bp fragment corresponding to the 16S rRNA gene (M indicates the marker 
ladder; columns 1 to 38 represent the isolated colonies).

Bacterial classification-molecular methods

Klebsiella oxytoca34

Citrobacter freundii
IN*

33

Enterobacter oryzae13

Klebsiella oxytoca12

Terribacillus
shanxiensis

14d
11

Klebsiella oxytoca9

Klebsiella oxytoca8

Enterobacter cloacae

7d
7

Enterobacter cloacae3h

HF

30

Klebsiella oxytoca38

Klebsiella oxytoca
IN*

37

Paenibacillus tundrae20

Klebsiella oxytoca
14d

18

Klebsiella oxytoca7d4

Klebsiella oxytoca26

Bacillus megaterium25

Bacillus pumilus23

Bacillus megaterium

3h

8A

22

Associated
bacterial species

Experimental 
time pointTreatmentSample

Bacillus megaterium14dØ15

Klebsiella oxytoca32

Klebsiella oxytoca
IN*

31

Klebsiella oxytoca14d14

Klebsiella oxytoca6

Citrobacter freundii
7d

5

Klebsiella oxytoca29

Bacillus megaterium
3h

C14-5

28

Escherichia coli36

Klebsiella oxytoca
IN*

35

Pantoea agglomerans17

Klebsiella oxytoca14d16

Enterobacter cloacae3

Klebsiella oxytoca2

Klebsiella oxytoca

7d
1

Bacillus simplex3h

20

27

Associated bacterial
species

Experimental 
time pointTreatmentSample

Bacterial classification-molecular methods

Summary of identified bacterial genus

P. pinaster vs. P. pinea
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Identification of resistance genes

Genes expressed by P. pinaster Genes expressed by P. pinea



Genes differentially expressed in P. pinea Expressed genes

Transformation of P. pinaster

92282148Total Ner embryogenic
lines/family

125734M6
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Family
Initiation media

Table: Number of embryogenic lines that were established from 3 families in
the different initiation media. 

Embryogenic lines
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Somatic embryos at different developmental stages obtained
from embryogenic lines in maturation conditions.

Embryogenic lines

Embryogenic cultures in re-establishment and germinating media 

Embryogenic line in proliferation conditions

Conclusions
• Seeds of 113 surviving trees were collected for confirmation of 

resistance
• Microsattelites and AFLPs generated high polymorphism
• DNA extraction protocol for megagametophytes is suitable
• C14-5 seems less virulent in P.pinaster
• At na early infection stage, P.pinea and P.pinaster have different

physiologial, morphological and metabolical responses
• Probable resistance genes identified (majority were defence-

related)
• Embryogenic calli successfully produced with regeneration

potential.

Future prospects
• Establishment of clonal seed orchard at Viveiro Florestal de Valverde
• Continue genotyping the 46 clones from the breeding population
• Genotype selected trees from central Portuguese region (mata do Buçaco)
• Transcriptomics:

– 454 sequencing of P. pinea and P. pinaster (mRNA sent already)
– Confirmation of SSH results with Q-RT PCR

• Tree imunization:
– Repeat inoculation studies with C14-5
– Inoculate trees with asseptical nematodes

• Metabolomics:
– Identification of the head space volatiles differentially released using GC-MS

• Integrate all generated data in a phenomics network
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Susceptibility screening for other
trees

Sampling times for the preliminary assay
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Figure – Nematode population dynamics in P. abies and C. 
lusitânica inoculated with BxHF. Each value represents an average of 
ten replicates. 

Fig.4 – Imagens de microscopia electrónica de cortes frescos de caules de P. abies (A), C. lusitanica (B) 
e P. pinaster (C). E – epiderme, C – córtex, RD – canal resinífero, PH – floema, X – xilema, P – medula. 




